Introduction 44
Uncovering the specific genetic and molecular events behind the evolution of novel traits such 45 as pathogenicity in fungal species has been a long-standing objective of pathologists.
formerly placed in genus Penicillium (Pitt, 1979) , serves a paradigm for examining the processes contributing to the evolution of pathogenicity. Geosmithia species are filamentous accompanied dramatic biological changes in newly emerged fungal and oomycete species Genome assemblies were constructed with ABySS 1.9.0 using four k-mer sizes (61, 71, 81, and 149 91) (Simpson et al., 2009) . The resulting assemblies were evaluated using BUSCO (v1.1b1) 150 (Simão et al., 2015) , which assess completeness based on the presence of universal single-151 copy orthologs within fungi. Length-based statistics were generated with QUAST v2.3 (Gurevich 152 et al., 2013) . Final assemblies were manually chosen based on length-based and genome 153 completeness statistics. Furthermore, the raw reads of G. flava and G. putterillii were mapped 154 back to their corresponding genomes using BWA version 0.7.9a-r786 (Li & Durbin, 2009) to 155 assess the quality of the chosen assemblies.
156

Structural and Functional Annotation
157
We utilized the automated annotation software Maker version 2.31.8 (Cantarel et al., 2008) to 158 functionally annotate the genomes of G. flava and G. putterillii. We used two of the three gene 159 prediction tools available within the pipeline SNAP (released 2013 (released , Korf 2004 and Augustus 160 2.5.5 (Stanke et al., 2006) . SNAP was trained using gff files generated by CEGMA v2.5 (a 161 program similar to BUSCO) (Parra et al., 2007) . Augustus was trained with Fusarium solani 162 protein models (v2.0.26) downloaded from Ensembl Fungi (Kersey et al., 2016) . The protein 163 sequences generated by the structural annotation were blasted against the Swiss-Prot database 164 (Boutet et al., 2016) to functionally annotate the genomes of G. flava and G. putterillii.
165
Assessing repetitive elements profile
166
To evaluate the repetitive elements profile of G. flava and G. putterillii, we masked the 167 interspersed repeats within the assembled genomes with RepeatMasker 4.0.5 (Smit et al., 168 1996) using the sensitive mode and default values as arguments.
169
Identifying putative genes involved in host-pathogen interactions
170
To search for putative genes contributing to pathogenicity, we conducted a BLASTp (v2.2.28+) 171 (Altschul et al., 1990) search with an e-value threshold of 1e-6 against the PHI-base 4.0 domains in each Geosmithia species as well as their close relative Acremonium chrysogenum 175 with SignalP 4.1 and TMHMM 2.0 using default parameters (Krogh et al., 2001; Peterson et al., Identifying species specific genes
178
To identify unique genes present in Geosmithia morbida, we performed an all-versus-all 
182
Identifying carbohydrate-active proteins and peptidases
183
To identify enzymes capable of degrading carbohydrate molecules in species belonging to
184
Hypocreales and G. clavigera, we performed a HMMER 3.1b1 (Eddy 1998) search against the 
188
Phylogenetic analysis
189
Taxon Sampling
190
In order to determine phylogenetic position of Geosmithia, we combined the predicted peptide
191
sequences from three Geosmithia species described here with the predicted peptide sequences
192
of an additional 17 fungal genomes that represent the breadth of pathogens and non-pathogens 193 within Ascomycota. Our dataset contained eleven pathogens and nine non-pathogens (Table 3) .
194
Inferring Orthology
195
Orthologous peptide sequences among the 20 fungal genomes were determined using 
203
Trimming Alignments
204
For each alignment, regions that contained gap rich sites were removed using -gappout option 205 in trimAl v1.4.rev15 (Capella-Gutiérrez et al., 2009 
235
In order to filter out alignments with frameshifts and internal stop codons, we utilized a program 236 called PAL2NAL v14 (Suyama et al., 2006) . This software searches for complementary regions 237 between multiple protein alignments and the corresponding coding DNA sequences, and omits 238 any problematic codons from the output file. This cleaning step reduced the number of 3,327 239 orthogroups to 2,798 that were used for detecting genes under selective pressures.
240
We used the branch-site model (BSM) in the CodeML program of package PAML v4.8 241 for selection analysis (Yang 2007 
259
Results
260
Assembly features
261
We recently assembled a reference genome for a G. morbida strain isolated from Juglans 
290
Geosmithia may be key in discovering the genetic basis behind the evolution of pathogenicity.
291
Identifying putative genes involved in pathogenicity
292
Approximately 32%, 34%, and 35% of the total proteins in G. morbida, G. flava and G. putterillii (Table S1 ).
297
Identifying species-specific genes
298
The three Geosmithia species and A. chrysogenum contained a total of 9065 orthologs and species-specific genes. The two nonpathogenic Geosmithia species did not contain any hydantoinase B/oxoprolinase, aldehyde dehydrogenase, and ABC-2 type transporter.
306
These findings are significant because all three of these proteins are involved in stress 307 responses that can be induced by the host immune system during the infection process. For 
315
proteins that regulates transport of substances across the cellular membrane. In pathogenic 316 fungi, they are involved in drug resistance and in the production of defense molecules 317 (Krattinger et al., 2009; Wang et al., 2013; Karlsson et al., 2015) .
318
Identifying putative secreted proteins
319
A total of 349, 403, and 395 proteins in G. morbida, G. flava, and G. putterillii contained signal 320 peptides respectively. Of these putative signal peptide-containing proteins in G. morbida, 27 321 (7.7%) encoded proteins with unknown function, whereas G. flava and G. putterillii contained 29 322 (7.2%) and 30 (7.6%) unknown proteins, respectively. The difference in percent of unknown 323 proteins with signal peptides was minimal among the three genomes. For each species,
324
proteins containing signal peptides were subjected to a membrane protein topology search 325 using TMHMM v2.0. There were 237, 281, and 283 proteins in G. morbida, G. flava, and G. significantly different.
Profiling carbohydrate active enzymes and peptidases
329
CAZymes are carbohydrate active enzymes that break down plant structural components,
330
enabling initiation and establishment of infection. We assessed the CAZymatic profile of all 331 species in the order Hypocreales, Geosmithia species, and Grosmannia clavigera (Figure 1 ).
332
The glycoside hydrolase (GH) family members dominated all protein models, followed by 333 glycosyltransferase (GT) family. The two most prominent families among all fungal species were 334 GH3 and GH16 (Table S2) 
347
In addition to profiling CAZymes, we also performed a BLAST search against the 
371
Geosmithia species form a monophyletic clade with two nonpathogenic fungi-Acremonium 372 chrysogenum and Stanjemonium griseum-indicating that the common ancestor shared among 373 these species was not a pathogen.
374
Genes under positive selection
375
In order to understand the molecular basis of pathogenicity in G. morbida, we sought to detect 376 genes under positive selection. For this, we first searched for all single-copy orthologs shared orthologs using a custom python script. These orthogroups were aligned using MACSE v1.01b 380 and cleaned with PAL2NAL v14. After alignment and cleaning of orthogroups there were 2,798 381 multiple sequence alignments that were used for selection analysis.
382
To identify coding sequences and sites under selection, we leveraged the branch-site 383 model in PAML's codeml program (4.8). Geosmithia morbida was selected as the foreground 384 branch. Our results showed 38 genes to be under positive selection using an adjusted P-value < 385 0.05. Next, we performed a functional search for each protein by blasting the peptide sequences 386 against the NCBI non-redundant and pfam databases. We determined that several were 387 involved in catabolic activity, gene regulation, and cellular transport (Table 6, Table S4 ).
like proteins belong to a group of structurally similar molecules involved in protein degradation, 411 Wang et al., 2013; Karlsson et al., 2015; Lo Presti et al., 2015) . Apoptosis or programmed cell 412 death helps establish resistance during host-microbe interactions, helps organisms cope with 413 oxidative environments, and may even be essential for infection (Veneault-Fourrey et al., 2006;  414 Kabbage et al., 2013) . In fungal species, proteins involved in DNA replication and repair are 
485
Although one might expect the pathogen G. morbida to possess more carbohydrate 486 binding enzymes and peptidases than its non-pathogenic relatives, our results indicated that all 487 three species had similar enzymatic profiles (Figures 1 and 2 ). Despite these similarities, our 
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